The technological quality of wheat for milling and baking use varies in a wide range. Variety composition is one of the most important factors and it causes protein and starch quality changes. The most important factor is the strength given by gluten quality and content, and also starchamylase-complex properties (enzymatic activity, starch particles damage). These properties are observed by means of different methods (Pomeranz 1988) .
of leavened dough. Full-bread-formula is usually used for dough fermentograph testing (Švec & Hrušková 2004) .
The aim of these measurements is to predict the material behaviour in the technological process or to get data for the implementation of timed operational actions. Therefore, it is necessary to obtain rheological data with sufficient accuracy. Traditional methods for the determination of rheological properties take a few tens of minutes, which is too much to take technological actions.
NIR technique has been widely applied to the measurement of cereal quality and cereal product composition. NIR instruments enable a rapid assessment of wet gluten, moisture, ash, and with a lower reliability also the determination of Zeleny sedimentation and water absorption. These parameters can be predicted with a high degree of accuracy, as the relevant spectral regions show reasonably clear differences with the changing sample composition (Bhandari et al. 2000) .
Some success was achieved even with modelling some rheological parameters, especially those measured on farinograph (Hrušková et al. 2001) , extensigraph (Delwiche et al. 1998; Hrušková et al. 2001) , and alveograph (Czuchajowska & Pomeranz 1991) . The main parameter of the breadmaking quality, relating to the protein content/quality, is the specific loaf volume. The possibility of its prediction was confirmed, for instance, by Rubenthaler and Pomeranz (1987) . Fermentograph parameters were studied by Jirsa et al. (2005) . However, such usefulness was not proved in the case of the breadmaking potential. It was concluded that NIR reflectance spectroscopy cannot provide any measure of the bread-making quality of wheat beyond that which may be predicted from the protein content (Rubenthaler & Pomeranz 1987) . The changes taking place during dough mixing can also be observed nondestructively by NIR spectroscopy because spectral absorbances are relative to the basic chemical components of dough. The prediction of dough properties by NIR spectra analysis, however, is influenced by many factors, especially the errors of reference methods and the results dependence on the protein content of the flours tested.
The main aim of this study was to predict the final product and some technological properties from NIR flour spectra and to investigate the relations between them. An overview of the rheological parameters is given in Table 1 . Technological properties of wheat fermented dough during maturation and oven rising (first stage of baking) were evaluated by maturograph and OTG (Brabender, Germany), respectively. Maturograph enables, apart from other characteristics, to determine optimal proofing time to obtain the best volume of the final product. It is followed by OTG test during which the dough is heated in oil bath. This test can indicate deficiencies in prior baking stages. As these test procedures are not included in any international or Czech standard methods, they were performed according to our internal method. The dough was prepared in the same way as for the baking test. The final product quality assessment was accomplished by the baking test and image analysis. The test was performed according to the Czech method and the formula was as follows: flour 100%, yeast 4%, sugar 1.5%, fat 1%, salt 1.7% and water. The dough was prepared to optimal consistency of 600 ± 20 BU in the farinograf from 300 g of flour. Dividing and moulding of the dough was made by hand, the loaves were baked at 240°C for 14 min after 50 min of leaving (Švec & Hrušková 2004 ).
MATERIAL AND METHODS
Crumb characteristics were described by penetration (penetrometer PNR 10, Germany) and image analysis (Lucia, Czech Republic). For the latter, a Cohu 2252 TV CCD camera with a controllable central and two point source lights was used. As the base for the image scanning, a fluorescent lamp was used. Two digital images were processed and four measurements (field of view 9 × 7 mm) were analysed in each quadrant of the image. This provided 32 images for one bread picture. Parameters including total cell number, total cell area, the mean cell area were investigated; cells/cm 2 and cell to total area ratio were calculated (Švec et al. 2005) .
NIR spectra were acquired on a wavelenght scanning instrument NIRSystem 6500 (Foss NIRSystems, Inc., USA) using a small ring cup, in the range from 400 nm to 2500 nm and with the wavelenght increments of 2 nm. Diffuse reflectance was recorded as log(1/R).
NIR Software WINISI II (Infrasoft Int., USA) was used to evaluate the data and to develop chemometric models. No scatter correction and standard MSC were applied. The data were treated by the first derivative (math setting 1, 4, 4, 1, and  1, 8, 8, 1) . Spectral outliers were detected by PCA and eliminated before the model development. Calibration was carried out by modified Partial Least Square (mPLS) regression. Outlier samples were eliminated in two passes and cross-validation with ten groups was used. The best calibration equations were selected according to the lowest standard error of cross-validation (SECV).
RESULTS AND DISCUSSION
To illustrate the characteristics of the sample set, the mean, range, and variation coefficient are given in Table 2 . The quality of wheat flours corresponded to Czech standard for the mill products of fine type. Almost the whole set is represented Figures 1 and 2 show PCA plots for the technological and final product traits, both including two analytical ones (protein and Zeleny sedimentation). The two plots represent here 39.1 and 48.7% of the total variance, respectively. Maturograph parameters (i. e. proofing) on Figure 1 are mutually highly correlated. There is a group of two bread volume parameters (11 min and final), which are also correlated with the specific loaf volume (r = 0.684 and r = 0.605, respectively). The baking parameters appear to be more influenced by the protein content than the protein quality (Zeleny sedimentation). Figure 2 shows a high positive correlation of Kjeldahl protein (protein quantity indicator) with penetration (crumb stiffness indicator), and Zeleny sedimentation (protein quality indicator) with bread cut area (measure of volume), although classical correlations (r) are 0.475 and 0.354, respectively. Negative correlation (r = -0.600) between the average cell area and cells per cm 2 is expectable. The specific loaf volume is determined by both protein and gas formation. The differences in the protein content seem to have a higher influence on the specific volume than the differences in the protein quality in this sample set (r = 0.548 and 0.304, respectively).
Only two technological traits were selected for the calibration. These are dough elasticity obtained from maturograph, and the bread volume after 11 min. The former is a very important parameter to judge the dough quality, and maturograph is the only technological apparatus directly measuring elasticity of fermented dough. The latter represents the moment at which the temperature of oil bath reaches 63°C and the enzymes are becoming inactivated.
PCA was used also for NIR spectra, whereas six of them were identified as outliers and eliminated. Standard errors and correlation coefficients of the calibration models are shown in Table 3 . Bakery traits (except the specific loaf volume) involve a lower number of samples because they were unavailable for one subset (20 samples). A statistically significant dependence between the predicted and the reference values with probability higher than 99% was found for all parameters. An acceptable prediction accuracy (CV about 10%) was found with Zeleny sedimentation, dough elasticity, baking volume (11 min), specific loaf volume, and bread cut area. Similar results of SECV = 5.6 ml and 36 cm 3 /100 g were achieved for Zeleny sedimentation and specific loaf volume, respectively, in a previous study . Penetration and image analysis models, however, posses two or three times higher variance. Table 4 gives an overview of laboratory errors (measured as repeatability by Kostelanská 2006) and corrected SECV for technological and bakery traits. Corrected SECV (i.e. true model errors) are, generally, significantly higher than the laboratory errors. Only in the case of dough elasticity the two errors are comparable.
CONCLUSIONS
NIR technique was used to predict the technological and the final product qualities. A statistically significant dependence between the predicted and the reference values with probability higher than 99% was found with all parameters. The potential of NIR technique as known from literature and experience was confirmed for the prediction of the protein content and Zeleny sedimentation. Some traits, such as dough stability, bread volume (11 min), specific loaf volume, and bread cut area seem to be prospective at least for rough screening. The selection of NIR reflectance spectra to predict Kostelanská (2006) 
